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&DUERQ)LEUH 5HLQIRUFHG&RPSRVLWHV 6XFKSURFHGXUHFRPELQHV WKHGDWDSURFHVVLQJRIWKHWKHUPDO VLJQDOHVSHFLDOO\ 
DV VSDWLDODQGWHPSRUDOGHULYDWLRQTXDQWLWLHVLQYROYHGLQWKHKHDWHTXDWLRQDUHQRWDEO\DIIHFWHGE\WKHPHDVXUHPHQWQRLVH 
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EHKDYLRU RI WKHPDWHULDO $FRPSDUDWLYH DQDO\VLV RIGLIIHUHQW ILOWHULQJ WHFKQLTXHV LVGRQHWRGHILQHD ILOWHULQJ PHWKRG 
DEOHWR GHFUHDVH WKH QRLVH ZKLOH NHHSLQJ WKH XVHIXO IHDWXUHV RI WKH VLJQDO 7KHQ ZH XVH D KRPRJHQL]DWLRQ VFKHPH 
EDVHG RQVLQJOHLQKRPRJHQHLW\ VROXWLRQVRI(VKHOE\WRGHULYHWKHWUDQVYHUVHO\LVRWURSLFWKHUPDOFRQGXFWLYLW\WHQVRU
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1RQGHVWUXFWLYHWHFKQLTXHVUHDOO\FRQVWLWXWHVXLWDEOHDQGUHOHYDQWWRROVIRUWKHVWXG\RIGHJUDGDWLRQPHFKDQLVPV 
RIPDWHULDOV:LWKRXWDQ\LQIOXHQFHRIWKHPHDVXUHPHQWRSHUDWLRQLWVHOIWKH\DOORZUHDOWLPHUHFRUGLQJXQGHUORDG 
VSDWLDO LQYHVWLJDWLRQ DQG KLJK VHQVLWLYLW\REVHUYDWLRQV $PRQJ WKHP ,QIUDUHG 7KHUPRJUDSK\ ,57 SURYLGHV ' 
PHDVXUHPHQWV RI VXUIDFH WKHUPDO ILHOGV RI VWUXFWXUHV DQG OHDGV WR FRQVLGHUDEOH DGYDQFHV LQ 1RQ 'HVWUXFWLYH 
LQYHVWLJDWLRQIRUVWUXFWXUDOKHDOWKDQDO\VLVDQGIRUWKHPRQLWRULQJRIGHIRUPDWLRQDQGGDPDJHPHFKDQLVPV>@7KLV 
SDSHUIRFXVHVRQWKHODWWHUDSSOLFDWLRQWRVWXG\WKHPHFKDQLFDOEHKDYLRURIFDUERQHSR[\ODPLQDWHGFRPSRVLWHVXQGHU 
TXDVLVWDWLFWHQVLRQWHVWV3UHYLRXVVWXGLHVKDYHDOUHDG\GHPRQVWUDWHGWKHLQWHUHVWRIDFTXLULQJWKHUPDOILHOGVWRREVHUYH 
DQGFKDUDFWHUL]HGDPDJHSURFHVVHV >@<HW WKHVHWKHUPDOGDWD UHPDLQ LQIOXHQFHGE\HQYLURQPHQWDO FRQGLWLRQV 
$FFRUGLQJO\ LWLVPXFKPRUHUHOHYDQW WRGHULYH IURPWKRVH PHDVXUHPHQWV UHODWHGKHDWVRXUFHV WRREWDLQ LQWULQVLF 
LQGLFDWRUV RI LQYROYHG PHFKDQLVPV >@ ,I VXFK DSSURDFK LV TXLWH FRPPRQ IRU LVRWURSLF RU FRQVLGHUHG DV VXFK 
PDWHULDOV>@WKHSUHVHQWVWXG\DLPVDWSUHVHQWLQJDFRPSOHWHPHWKRGRORJ\VHH>@DEOHWRHVWLPDWHKHDWVRXUFHV 
IURPDILOWHUHG WKHUPDO VLJQDOREWDLQHGE\,57ZKLOHDFFRXQWLQJ IRU WKHDQLVRWURSLF FKDUDFWHURIFRPSRVLWHV DQG 
SUHIHUHQWLDOFRQGXFWLRQGLUHFWLRQV
0$7(5,$/$1'(;3(5,0(17$/6(783
,Q WKLV VWXG\ ZH FRQVLGHU D FRPSRVLWH ODPLQDWH PDGH RI  XQLGLUHFWLRQDO SOLHV RI SUHSUHJ +(;3/<
058'&+6 (DFK  PP WKLFNQHVV SO\ LV FRPSRVHG RI 725$<&$ 76 FDUERQ ILEHUV DQG
0HSR[\UHVLQ$FFRUGLQJO\WKHPDWHULDOH[KLELWVDWUDQVYHUVHLVRWURS\DURXQGWKHILEHUGLUHFWLRQDVVRFLDWHG
WR XQLWD[LV[7KHQVDPSOHVKDYHEHHQFXWDORQJDQGGLUHFWLRQDVVRFLDWHGWRXQLWD[LV[DFFRUGLQJWR
6WDQGDUG1)(1,62IRUWHQVLOHWHVWVRQFRPSRVLWHPDWHULDOV)LJD
0HFKDQLFDO WHVWV KDYH EHHQ FDUULHG RXW XVLQJ D N1HOHFWURPHFKDQLFDO PDFKLQH ,167521 5 DW
DPELHQWWHPSHUDWXUHZLWKORDGLQJVSHHGRIPPPLQIRUWHVWVDQGPPPLQIRUWHVWV7KHUPDODFTXLVLWLRQ
LVGRQHZLWK ,QIUDUHG FDPHUD)/,57LWDQLXP 6& ,Q6E VHQVRUV IRFDO SODQH RI ; SL[HOV WKHUPDO
UHVROXWLRQRIDURXQGP.)LJE:HKDYHFRQVLGHUHGDQHPLVVLYLW\RIIRUWKHFDUERQILEHUODPLQDWHDQG
DQDFTXLVLWLRQIUHTXHQF\RI+]JLYHQWKHGLVWDQFHEHWZHHQWKHVDPSOHDQGWKHFDPHUDWKHVSDWLDOUHVROXWLRQ
LVVPDOOHU WKDQ PP&DOLEUDWLRQ RI WKH V\VWHP LV DXWRPDWLF DQG GDWD UHFRUGLQJ LV RSHUDWHGZLWK$/7$,5
VRIWZDUH 1RWH ILQDOO\ WKDWDQDO\VLVLVSHUIRUPHGRQUHODWLYHWHPSHUDWXUHILHOGοܶሺݐሻ ൌ ܶሺݐሻ െ ܶሺݐ଴ሻ ZLWK7WKHWHPSHUDWXUHILHOGDWWLPHWDQGWWKHLQLWLDOVWDWHDWWKHEHJLQQLQJRIWKHWHVWWROLPLWDVPXFKDVSRVVLEOHWKHGLVWXUEDQFHV
LQGXFHGE\WKHVXUURXQGLQJ
D E
),*85(7HQVLOHWHVWVRQFRPSRVLWHODPLQDWHVD0DWHULDORULHQWDWLRQE([SHULPHQWDOVHWXS
+($7',))86,21(48$7,21
7KHUPRG\QDPLFV RI LUUHYHUVLEOH SURFHVVHV RIIHUV DQ DGHTXDWH EDFNJURXQG WR LQWHUSUHW WLPH DQG VSDFH GHSHQGHQW
WHPSHUDWXUH GDWD>@ ,Q WKH SUHVHQW FDVHZHDVVXPH TXDVLVWDWLF SURFHVVHV DQG VPDOO SHUWXUEDWLRQV &RPELQDWLRQ RI
WKH ILUVW HQHUJ\ FRQVHUYDWLRQ DQG VHFRQG DGPLVVLEOH HYROXWLRQV SULQFLSOHV RI WKHUPRG\QDPLFV ZLWK WKH KHDW
FRQGXFWLRQ ODZRI)RXULHUݍ ൌ െ࢑ ή ݃ݎܽ݀ܶǡZLWKTWKHKHDWIOX[DQGNWKHFRQGXFWLYLW\WHQVRUOHDGVWRWKHZHOONQRZQ
ORFDOHTXDWLRQRIKHDWGLIIXVLRQ ߩܥ ሶܶ ൅ ݀݅ݒሺെ࢑ ή ݃ݎܽ݀ܶሻ ൌ ݎ௘௫௧ ൅ ݏ௧
ZKHUHߩGHQRWHVWKHPDWHULDOGHQVLW\&LWVVSHFLILFKHDW ሶܶ WKHWHPSHUDWXUHWLPHGHULYDWLYHUH[WWKHH[WHUQDOKHDW
VXSSO\DQGVWWKHRYHUDOOKHDWVRXUFH,QYLHZRIZHDNWKHUPDOYDULDWLRQVLQGXFHGE\WKHPHFKDQLFDOORDGFRXSOLQJ
VRXUFHVEHWZHHQWKHWHPSHUDWXUHDQGLUUHYHUVLEOHSURFHVVHVDUHQHJOHFWHGVRVW VHGZLWKVHWKHWKHUPRHODVWLQJ
FRXSOLQJ WKDW FDQ EH GHGXFHG IURP WKH HODVWLF VWLIIQHVV H[SDQVLRQ FRHIILFLHQW DQG ORDG LQWHQVLW\ >@ DQG G WKH
PHFKDQLFDOLQWULQVLFGLVVLSDWLRQZKLFKLVXQGHULQYHVWLJDWLRQKHUH
0RUHRYHUWKHFRQGXFWLRQSUREOHPH[SUHVVHGWKURXJK(TLVVLPSOLILHGDFFRUGLQJWRIROORZLQJDVVXPSWLRQV
3K\VLFDODQGWKHUPDOSURSHUWLHVRIWKHPDWHULDODUHFRQVWDQWGXULQJWKHWHVW
x ([WHUQDOKHDWVRXUFHGRQRWGHSHQGRQWLPHWLIWKHVDPSOHGRHVQRWSURGXFHDQ\VWVRXUFHLQWKHLQLWLDOVWDWH
DWWLPHWWKHQWKHLQLWLDOWHPSHUDWXUHILHOGLVLQHTXLOLEULXPDQG݀݅ݒሺെ࢑ ή ݃ݎܽ݀ܶሺݐ଴ሻሻ ൌ ݎ௘௫௧
x 6LQFHFRPSRVLWHVDUHWKLQODPLQDWHVWKHJHQHUDOSUREOHPFDQEHFRQVLGHUHGDVD'RQHE\DVVLPLODWLQJWKH
VXUIDFHWHPSHUDWXUHWRWKHPHDQWHPSHUDWXUHLQWKHWKLFNQHVV
6LPSOLILHGORFDOKHDWGLIIXVLRQFDQWKXVEHIRUPXODWHGLQWKLVZD\ߩܥ ቀߠሶ ൅ ఏఛቁ ൅ ݀݅ݒሺെ࢑ ή ݃ݎܽ݀ߠሻ ൌ ݏ௧ ൌ ݏ௘ ൅ ݀ଵ
ZKHUHߠሺݐሻ ؆ οܶሺݐሻGHQRWHVWKHPHDQYDOXHLQWKHWKLFNQHVVRIWKHUHODWLYHWHPSHUDWXUHILHOG
'$7$352&(66,1*
$VVKRZQE\(TWKHGHWHUPLQDWLRQRIKHDWVRXUFHVUHTXLUHVWLPHDQGVSDWLDOGHULYDWLRQRIWKHWKHUPDOVLJQDO
WKDWLVGLVFUHWHDQGQRLV\,WLVWKXVQHFHVVDU\WRDSSO\LQDILUVWVWHSVRPHILOWHULQJRSHUDWLRQLQRUGHUWRJHWDSURSHU
VLJQDOZLWKRXWWRRPXFKQRLVHDQGLQFOXGLQJXVHIXOLQIRUPDWLRQRIWKHRULJLQDOPHDVXUHPHQWV)ROORZLQJWKHDSSURDFK
RI>@VHYHUDOILOWHULQJPHWKRGVKDYHEHHQFRQVLGHUHGDQGDSSOLHGWRWKHWKHUPDODFTXLVLWLRQVDQGWKHLUGHULYDWLYHV
>@8VLQJ0DWODEVRIWZDUHWHPSRUDOHIILFLHQF\KDVEHHQVWXGLHGZLWKE\FRPSDULQJSL[HOVVXEMHFWHGHLWKHUWR
VWURQJ GDPDJH RU WR HQYLURQPHQWDO QRLVH VHH )LJ  7KH VWDQGDUG GHYLDWLRQV RI LQLWLDO DQG ILOWHUHG VLJQDOV DUH
FRPSDUHGGXULQJDWLPHLQWHUYDOIRUWKHQRLV\DUHD)LJDZKLOHWKHDELOLW\RIWKHILOWHUWRNHHSWKHXVHIXOLQIRUPDWLRQ
LVVWXGLHGWKURXJKWKHWKHUPDOSHDNDPSOLWXGHIRUWKHVWURQJGDPDJHDUHD)LJE1RWHWKDWVLPLODUVWXG\KDVEHHQ
SHUIRUPHGUHJDUGLQJVSDWLDOHIILFLHQF\
),*85(,QYHVWLJDWHGDUHDVIRUWKHWHPSRUDOHIILFLHQF\DQDO\VLVODPLQDWH
D E
),*85('DWDDQDO\VLVUHJDUGLQJWHPSRUDOHIILFLHQF\DQRLVHDWWHQXDWLRQEXVHIXOVLJQDODWWHQXDWLRQ
$VDQH[DPSOHZHSURSRVHLQ7DEDTXDQWLWDWLYHDQDO\VLVRIILOWHULQJPHWKRGVRQWKHWHPSRUDOGHULYDWLYHߠሶ 
8VLQJFRPSDUDWLYHUHVXOWVRQDOOTXDQWLWLHVLQYROYHGLQ(TVHHGHWDLOVLQ>@LWFOHDUO\DSSHDUVWKDWWKH;
VSDWLDOPHGLDQSURYLGHVWKHEHVWILOWHULQJPHWKRGWRUHGXFHWKHQRLVHZKLOHNHHSLQJHVVHQWLDOIHDWXUHVRIWKHRULJLQDO
WKHUPDOUHVSRQVHLWZLOOWKXVEHDSSOLHGLQZKDWIROORZVWRWKHUPDOGDWDߠLQRUGHUWRHVWLPDWHKHDWVRXUFHV
7$%/(&RPSDULVRQRIWKHHIILFLHQF\RIILOWHULQJSURFHVVUHJDUGLQJWHPSRUDOGHULYDWLYHߠሶ UHODWLYH
YDULDWLRQRIRULJLQDODQGILOWHUHGVLJQDOVVWDQGDUGGHYLDWLRQVIRUWKHDQDO\VLVRISXUHQRLUHDWWHQXDWLRQDQG
UHODWLYHDPSOLWXGHDWWKHWKHUPDOSHDNIRUWKHDQDO\VLVRIXVHIXOVLJQDODWWHQXDWLRQ
)LOWHULQJPHWKRG 3XUHQRLVHDWWHQXDWLRQ 8VHIXOVLJQDODWWHQXDWLRQ
;VSDWLDOPHGLDQ  6SDWLDO),5+DPPLQJZLQGRZ  
;VSDWLDOPRYLQJDYHUDJH  
;VSDWLDOPRYLQJDYHUDJH  
7HPSRUDO),5+DPPLQJZLQGRZ  
7HPSRUDO),5(TXLULSSOH  
7HPSRUDOSL[HOVPRYLQJDYHUDJH  
7HPSRUDOSL[HOVPRYLQJDYHUDJH  
7HPSRUDO SRO\QRPLDOVPRRWKLQJ  
7HPSRUDO,,5%XWWHUZRUWK  
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7KH ODVW VWDJHRI WKH VWXG\ UHTXLUHV WRGHWHUPLQH WKHDQLVRWURSLFFRQGXFWLYLW\ WHQVRUN ,QYLHZRI WKH ODFNRI
H[SHULPHQWDOGDWDZHKDYHFKRVHQWRGHULYHLWVH[SUHVVLRQIURPDPLFURPHFKDQLFDOPRGHOOLQJ$FFRUGLQJWRVRPH
DVVXPSWLRQVUHJDUGLQJWKHJHRPHWU\RIWKHPDWHULDOPLFURVWUXFWXUHDQGFRQVWLWXHQWVEHKDYLRUVXFKDSSURDFKDOORZV
WRHVWDEOLVKWKHHIIHFWLYHSURSHUWLHVRIKHWHURJHQHRXVPDWHULDOV>@
,Q WKH SUHVHQW FDVH WKH5HSUHVHQWDWLYH9ROXPH(OHPHQW LV WKH ODPLQDWH LWVHOI WKDW H[KLELWV DPDWUL[LQFOXVLRQ
PRUSKRORJ\ILEHUVDUHPRGHOOHGDVDQLQILQLWHF\OLQGULFDOLQFOXVLRQRID[LV[LQVLGHWKHHSR[\PDWUL[,WLVDVVXPHG
WKDW ERWK FRQVWLWXHQWV IROORZ WKHKHDW FRQGXFWLRQ ODZRI)RXULHUZLWK DQ LVRWURSLFEHKDYLRU IRU WKHPDWUL[ DQG D
WUDQVYHUVHO\LVRWURSLFDURXQGD[LV[RQHIRUWKHILEHUSKDVHQDPHO\࢑ሺݖሻ ൌ ቊ࢑௠ ൌ ݇௠ࡵǡ ׊ݖ א ௠ܸ࢑௙ ൌ ݇௙௅ݔଵٔݔଵ ൅ ݇௙் ሺࡵ െ ݔଵٔݔଵሻǡ ׊ݖ א ௙ܸ 
ZLWK݇ ௠WKHPDWUL[FRQGXFWLYLW\݇௙௅ǡ ݇ ௙் ሻWKHORQJLWXGLQDOFRQGXFWLYLW\RIILEHUV,WKHLGHQWLW\VHFRQGRUGHUWHQVRU 9P9IWKHPDWUL[DQGILEHUYROXPHVUHVSHFWLYHO\8VLQJZRUNVRQWKHVLQJOHLQKRPRJHQHLW\SUREOHPILUVWO\VWXGLHG 
E\(VKHOE\IRUHODVWLFLW\SUREOHPVDQGWKHQH[WHQGHGWRWKHUPRHODVWLFLW\>@DQGWKH0RUL7DQDNDVFKHPH>@RQH 
REWDLQVWKHIROORZLQJHIIHFWLYHFRQGXFWLYLW\RIWKHFRPSRVLWHODPLQDWH࢑௛௢௠ ൌ ݇௛௅௢௠ݔଵ ٔ ݔଵ ൅ ݇௛்௢௠ሺࡵ െ ݔଵ ٔ ݔଵሻ
ZLWK WKH HIIHFWLYH ORQJLWXGLQDO ݇ ௛௅௢௠ሺ݇୫ǡ ݇ ௙௅ǡ ݂ ୤ሻ DQG WUDQVYHUVDO ݇ ௛்௢௠ሺ݇୫ǡ ݇ ௙௅ǡ ݇ ௙் ǡ ݂ ୤ሻ FRQGXFWLYLW\  ௙݂ WKH ILEHU YROXPHIUDFWLRQ>@*LYHQ WKHPDWHULDOSURSHUWLHVVXFKH[SUHVVLRQDOORZV WRDFFRXQWIRU WKHPDWHULDOV\PPHWU\ 
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